Well testing may be performed to support many decisions including ones related to production optimization of an oil production system. In production optimization information such as gas oil ratio and water cut/water oil ratio is used to decide on, for example, which wells to prioritize for choking back/opening to avoid over-/underutilization of the production capacity. Since the reservoir properties change with time, the uncertainties of their estimated values increase with time, and eventually a new well test will be required. As the uncertainty in the estimates grows, so does the risk for prioritizing the wrong well(s) giving lower oil production rate than possible. A computer program is developed to decide which well to test based on historical test data. The program uses a Monte Carlo approach for identifying which well test is likely to lead to highest increase in the total oil production rate after the well test information is utilized to optimize the oil production. The computer program is applied to field data quantifying the benefits when applied to this specific field.
Introduction
In the daily operation of an oil production system, some means of optimization is used to increase the oil production rate. For example, Lo and Holden [1] proposed a linear program to maximize the total oil production rate for an oil production system constrained by maximal gas, water, and liquid flow rates. It was assumed that the oil production rate of each well was independent. Furthermore the wells are assumed not to be exposed to gas or water coning. The proposed linear program is listed below using a modified notation.
The goal is to maximize the total oil production rate r are the gas and water oil ratios, respectively. The ratios will later be referred to as the resource oil ratios.
Unfortunately, the coefficients in the linear program are time varying and not known accurately. They are usually estimated by well tests. The tests are not completely accurate, and more importantly, the uncertainty of the estimate will increase with time. Wells are therefore retested from time to time, to ensure that the estimate has the accuracy needed.
The testing is done by routing an individual well to a dedicated test separator. The oil, water, and gas production rates at the outlet of the test separator are then measured. Thus, important properties including the gas oil ratio and the water oil ratio can be calculated. A well test may take several hours, thus constraining the frequency at which the wells can be tested. A policy is therefore required to decide the frequency to test each individual well. One simple strategy would be to test all wells at the same frequency. Others may want to test some well more than others. This may be due to higher uncertainty in some wells, or that some well are more important than others (e.g. higher potential oil production rate). Independent of the strategy used, the goal of the well test is usually to give information that will enhance oil production.
Depending on how the oil production system is constrained, testing may or may not result in production losses during well testing. For oil production systems limited by production separator capacity, the test separator is often used as a production separator when not testing. During a well test,
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Optimal Well-Testing Strategy for Production Optimization: A Monte Carlo Simulation Approach H.P. Bieker, SPE, NTNU; O. Slupphaug, SPE, ABB; T.A. Johansen, NTNU only the well being tested can be routed to the test separator. This means that the wells previously routed to the test separator would have to be rerouted to the production separator. However, the rerouting may not be possible because of the limited production separator capacity. Thus, some wells may have to be choked back or closed to complete the well test. Even if the production separator capacity is not a limitation, testing may also result in losses because of transients; operators can not run the oil production system on its limit while rerouting.
Cramer et al.
[2] proposed a tool for optimization and automation of well tests. A well test schedule is provided by the user, and the tool is able to retrieve the required measurements. The tool is also able to determine when to stop a well test by using online measurement data. The method proposed in this work may be used as a part of well test automation tools such as the one proposed by Cramer et al.
While Lo and Holden [1] restricted their production optimization method to independent wells without gas lift or pumps, other works have been conducted to solve various challenges in production optimization. They include optimization of gas lift [3] [4] [5] [6] [7] , network of wells [7] [8] [9] [10] . This work will not focus on the optimization process itself. An introduction to various production optimization techniques that can be used on such oil production systems was given by Bieker et al. [11] .
The existence of multiphase flow meters may reduce the need for testing because they provide measurements of gas oil ratios and water oil ratios. Unfortunately, the accuracy has not been shown to be good enough to replace well testing. Soft sensors such as Well Monitoring System [12] or FlowManager 1 may also provide this information. However, most oil production systems still relay on well tests to provide data.
In this work a method for deciding which well test is expected to give the highest oil production rate gain will be developed. The algorithm used to predict the oil production rate is currently restricted to a single processing facility constraint. Because of this, i r will denote the resource oil ratio of the constraint considered (e.g. gas, water, or liquid). q will be the treatment capacity for this constraint.
Monte Carlo Simulation
Monte Carlo simulation is a powerful method for obtaining an approximate distribution of any dependent value of stochastic variables. The distributions of the stochastic variables are assumed to be known. Using the distributions of the stochastic variables, a finite number of samples of the stochastic variables are drawn. For each sample the dependent value is calculated using a function evaluation. Important properties such as the standard deviation and average of the dependent variables estimated using Monte Carlo simulation will converge to the correct value. The data flow of the proposed method is shown in Figure 1 .
The production optimization is normally based on an estimated resource oil ratio i r . The estimate may be found using various techniques, but the most simple is perhaps the 1 FMC. last well test. As a result, this is also the most commonly used technique.
The uncertainty in the resource oil ratio i r for well i can be described by the distribution i D . 
where , | i j k r is the estimate of the resource oil ratio of well i after well k is tested using sample j . Each sample j represents a vector of the resource oil ratios for the wells. For each such sample, the oil production rate will be calculated. Furthermore, the oil production rate is calculated for each of the wells k I ∈ we consider for testing. Because , i j r is not known during operation of the oil production system, the inaccurate estimate , | i j k r is used for well prioritization. This prioritization will be discussed in a later section. Let
be a prediction of the total oil production rate found in a calculation using sample j and testing well k . The expected total oil production rate is
given that well k is tested. The well to test can then be calculated by * : argmax .
) The described method draws a finite number of samples from a distribution, evaluates each of the samples using a function ( ) f ⋅ . This means that n Monte Carlo simulations are conducted, one for each well test candidate. Monte Carlo simulation is a simple but powerful method. Most of the assumptions made here can easily be relaxed allowing other strategies to be used. Usually there is some inaccuracy in the well test performed, and this can easily be included by adjusting (7) to adding noise for the case i k = . Furthermore, the goal can easily be changed to maximize the profit rate instead of oil production rate by adjusting the function ( ) f ⋅ accordingly. Variance in total oil production rates for the samples may be penalized for by adjusting (9) accordingly. Calculating Production A calculation is required to predict the oil production rate of the oil production system for a given set of physical parameters, e.g. gas oil ratios and/or water oil ratios, and the corresponding estimates used for the operation of the oil production system. One simple and commonly used method is the swing producer based method [11] . The method assumes that at most a single processing constraint is active and that each well has a maximal oil production rate. The goal is to maximize the oil production rate. The wells are operated under the rule that the wells with the lowest (estimated) resource oil ratios are opened at the expense of choking back wells with the highest resource oil ratio. In the end, there will be one well partly choked back. The rest will be fully closed or opened. Algorithm 1 describes the calculation and can be used for predicting , 
A key element here is that the sampled values , i j r are used to ensure that the physical constraints are not violated. The estimates are only used for the well prioritization. For more complex oil production systems, Algorithm 1 should be replaced with a more accurate prediction algorithm that reflects how the oil production system is operated.
Error Distribution of Oil Resource Ratio
The distribution of the resource oil ratio i D is in general not known. Therefore, some method for estimating it will be required. In this work it will be assumed that the only available measurement is a set of historical well tests. The historical well tests only include the resource oil ratio and the time the well tests were conducted.
Assume that the variation in the resource oil ratio found in the historical well tests indicate how much it changes from test to test. One will expect that a new test will show little change if only small changes have been observed in the past. Furthermore, old tests are expected to be less accurate than newer tests.
Assume that we can find the resource oil ratio between the first and the last well test by using an interpolation algorithm such as spline [13] ,
where t is the current time. The resource oil ratio : ( ) 
Case Study
The proposed method for choosing a well to test was simulated using historical well test data from an offshore oil production system in the North Sea. The simulation included 21 wells, and the total liquid production rate was restricted to 10,000 Sm 3 /D. The length of the simulation was 180 days. Each well was modeled in the simulation as a producer of oil and water. The model consisted of a potential oil production rate and a liquid oil ratio. The potential oil production rate for each well was defined by an interpolation of the potential oil production rate found in the well test data, making it time variant. To ensure a reasonable interpolation, it was restricted to be non-negative. The liquid oil ratio was defined as an interpolation of the liquid oil ratios found in the well test data, but restricted to be at least one.
The simulation started with the knowledge of all well tests done previous to this day. The most recent well tests were used as estimates. For each time a well test was found in the well test data, a well test was simulated. The proposed method was used to select a candidate for testing, and the liquid oil ratio from the interpolation was reported. Figure 3 shows the total oil production rate as a function of time. The cumulative oil production is shown in Figure 4 . No new tests indicate that estimated oil production rate will stay the same through the period. No new information is utilized. Field data indicates that the well tests are performed at the same time as found in the field well test data. Proposed method indicates that well tests are performed as proposed by the proposed method. Perfect information indicates that all wells are tested continuously. This gives an upper bound of the oil production rate. In Figure 5 the estimates of the liquid oil ratio for one of the wells are plotted as a function of time. Proposed, samples indicates by dots the estimated distribution of the liquid oil ratio in the proposed method for each time. The increased spread in the dots indicates that the quality of the estimate decreases with time. Conclusions A method for finding the well to test in order to achieve the highest expected oil production rate was developed. The method assumes that the oil production rates from each well are independent and that the treatment capacity constraint in the production can be described as a single flow rate constraint in water, liquid, or gas. It is assumed that an estimate of the resource oil ratio is available for each well is available. The well test inaccuracy is neglected in this work. This assumption can however easily be relaxed with the Monte Carlo framework used.
The method works by supplying the processing capacity of the oil production system, the potential oil production rate of each well, and a list of previous well test data for each well. The list should include the gas oil ratios or the water oil ratios and the date of the test. For each well considered for testing, a Monte Carlo simulation is conducted with a distribution based of previous changes in the well tests. The Monte Carlo simulations are only different in values of the estimates of the gas oil ratio or water oil ratios. The well test giving the largest expected oil production rate is recommended for implementation on the physical oil production system. A simulation study indicated a possible gain of using this method. An increase of 7.5 % in the oil production rate from the oil production system was shown over the currently used method. The proposed method gave 96.3 % of the theoretical possible oil production rate when perfect information is available for the case studied.
Because of the Monte Carlo simulation framework, the method is extensible. The methods for calculating the oil production rate and estimating the accuracy of the estimate may be replaced by other methods.
Further Work
The method should be extended to include available measurements that can indicate changes in gas oil ratio or water oil ratio. This includes inaccurate samples of those variables and pressure and temperatures of the well stream.
The method is currently restricted to single constraints. This should be relaxed by developing a simulation method for multiple constraints. Furthermore, support for more complicated oil production systems with shares flow lines should be supported.
The parameters of the wells will also change after the well has been tested. Currently, the optimization ignores this. By extending the simulation used to calculate the oil production rate to look a few days a head (with a stochastic development), the quality of the optimization may be improved. Furthermore, the optimization may be changed to decide a well test schedule instead of just proposing a single well for testing. The decision making can then be done in a receding horizon way. 
